The advanced uses of membrane filters for the preconcentration and determination of trace elements in water have been proposed. '-6 In the technique, the analyte in a sample solution is converted into a hydrophobic species by chemical reactions.
Then the species is quickly retained on a membrane filter by filtration under suction.
The species on the filter is eluted or dissolved together with the filter by water-miscible solvent and determined by an appropriate instrumental method.
Hydrophobic interaction between the species in water and the material of the membrane filter plays a very important role on the retention of the species in this technique.
In our previous papers, the retention behavior of some ion pairs on membrane filters was studied in terms of a solid-phase extraction model.7'8 The extraction constants for various combinations of cations and anions for membrane filters made of different materials were determined.
The extraction powers of some materials: cellulose nitrate, cellulose acetate, regenerated cellulose, and polyethersulfone, were evaluated from the extraction constants.
Cellulose nitrate was found to be the most powerful for the retention of ion pairs among the materials studied. The present work is performed from our special interest in the effect of the nitro group and the physical form of the solid phase on the ion-pair solid-phase extraction.
The degree of substitution (DS) in this work is defined as the number of substituents in a pyranose ring of cellulose.
Therefore, its maximum value will be 3.0. The DS values of almost all the commercially available cellulose nitrate membrane filters are about 2. Therefore, the first purpose of the present study is to control the extraction power of cellulose nitrate by changing the DS. The second is to obtain more powerful cellulose derivatives.
Dinitrobenzoyl and p-nitrobenzoyl substituents are expected to have higher extraction power than cellulose nitrate, because they have the structure of nitrobenzene which is one of the strongest solvents for ion-pair solvent extraction.
The third is to evaluate the effect of physical form of the material on the distribution.
The membrane filter type cellulose nitrate has been used mostly in this preconcentration technique. One of the primary reasons for the use of membrane filter type material is the convenience for handling. The contribution of the pores in the membrane on the retention of chemical species is interesting. The extraction powers of membrane filter and fiber type cellulose nitrates are studied from the point of the effect of physical form of the material. Bis[2-(5-chloro-2-pyridylazo)-5-diethylaminophenolato]cobalt(III) ion and dodecane sulfonate ion are the cation and anion studied.
Lab.) dissolved in water was purified by shaking with benzene until the organic phase becomes colorless. Sodium dodecane sulfonate (C12H25SO3Na, Na+DS-; Tokyo Kasei Co. Ltd., reagent grade) was used as supplied. Sodium chloride of reagent grade was used without further purification. Doubly distilled water was used through the experiment.
Solid phases
Membrane filter type cellulose nitrates (CN MF, 0.45 µm pore size) were Toyo Advantec, A045A025A, Sartorius, SM111 06-25N and Fuji Film, 6101-025045. Long and short cut fiber types of cellulose derivatives, such as cellulose nitrate, dinitrobenzoyl cellulose (DNBC) and p-nitrobenzoyl cellulose (p-NBC), were synthesized by treating absorbent cotton (Hasegawa Cotton Co. Ltd., fiber lengths 10 -30 mm) and ashless filter pulp (Toyo Advantec, fiber lengths <2 mm) by well known9 and reported ways. 10 The content of nitrate in the cellulose nitrates was determined by phenoldisulfonate method after being dissolved in acetone.'' The contents of nitrate in the DNBC and p-NBC were estimated from the determination of nitrogen by 8X105 mol dm 3) and Na+DS-(0 -1.oX 10-4 mol dm-3) and sodium chloride (0.01 mol dm-3) to create a constant ionic strength. A 50 cm3 plastic bottle with a screw cap was used as the reaction vessel. The volume of the solution was 20 cm3. The solution was shaken for more than 16 h at 25° C to reach the distribution equilibrium. The equilibrium concentration of the complex in the aqueous phase was determined by spectrophotometry.
The amount of the complex distributed onto the solid phase was determined by spectrophotometry after dissolution (in the case of cellulose nitrate) in N,N-dimethylformamide (DMF) or after elution of the complex from the solid phase (in the case of DNBC and p-NBC) with DMF.
Measurement of the inner surface area of the materials
The inner surface area of the materials was determined by BET method as reported previously.8 
Equation (3) is derived from Eqs. (1) and (2), if the concentration of the ion pair in the aqueous phase is negligible.
Linear relationships between the D values and the equilibrium concentrations of the anion were obtained for all the cation/anion/solid-phase combinations studied.
The KeX values were determined from the slopes of the relationships.
The properties of the solid phase and extraction constants The chemical structures of the cellulose derivatives studied are shown in Fig. 1 . Their physical form, DS values and surface area for the materials, and the log KeX values for the extraction systems are summarized in Table 1 . The standard deviation of the log KeX was about 0.2.
Regenerated cellulose membrane filter and the gossypium absorbent (Nos. 1 and 2 in Table 1 ), having no nitro group, gave almost the same log KeX value. Evidently the physical forms of these materials do not affect the extraction power of the materials.
The effect of the DS of cellulose nitrate on the extraction is given in Nos. 3, 4 and 5, in Table 1 . It is clear that a DS value from 1.6 to 2.3 does not affect the distribution. The saturation of the effect of nitro group on the extraction power is interpreted as follows. An electrostatic interaction between the negatively polarized oxygen atom in the nitro group and the positively charged site of the cobalt complex plays an important role on the retention of the ion pair besides hydrophobic interaction. The cation is much larger than the pyranose ring. Therefore, when one of the nitro groups is interacted with a cation, it is difficult for the other nitro groups present on the same pyranose ring to interact with other cation in the solution because of a steric effect. The steric effect is clear in comparing the p-nitrobenzoyl and dinitrobenzoyl derivatives, which give close extraction constants, though their nitro groups on the pyranose ring are 0.5 and 2.0, respectively (Nos. 12, 13 and 14 in Table 1 ). The two nitro groups in the dinitrobenzoyl group are so close to each other that only one of the nitro groups is able to interact strongly with the cation. The interaction with the other nitro group may be very weak.
Of the materials tested, DNBC and p-NBC are insoluble in polar solvents such as DMF and DMSO. DNBC with various DS values was proposed as a stationary phase for liquid chromatography. 13 In the present study, it is clear that DNBC is as powerful as cellulose nitrate for retention of an ion pair. Moreover DNBC has the largest surface area of all the materials tested. Therefore, DNBC is expected to be a useful solid phase for retention/organic solvent elution system.
The cellulose nitrates of different types: membrane filter type whose pore size is 0.45 µm (Nos. 9, 10 and 11 in Table 1 ) and fiber type synthesized from ashless pulp (Nos. 3, 4 and 5 in Table 1 ), gave almost the same log KeX. It is clear that the pores in the membrane filter do not affect the extraction power. This result is well supported from the results of the previous paper, where the pore size of membrane filter does not affect the extraction power of the material.' The cellulose nitrates prepared from absorbent cotton gave slightly smaller log KeX values (Nos. 6, 7 and 8 in Table 1 ) than others. The exact reason for this result is not clear yet.
In conclusion, the effect of nitro group in the cellulose nitrate on the distribution of the ion pair does not increase with increasing the DS value, and it is saturated in the DS range 1.6 -2.3: the p-nitrobenzoyl and dinitrobenzoyl derivatives give the same log KeX values as cellulose nitrate:
the physical form of solid-phase does not affect the distribution behavior. 
